Objectives-The aim of the study was to analyse whether any job titles, industrial codes, and certain occupational exposures were associated with an increased risk of glioma. Methods-A population based case-control study of incident primary brain tumours in adults was carried out in Uppsala, Sweden in the period 1987-90. The study included 192 cases of glioma and 192 matched controls. It also included cases with other tumours of the central nervous system with matched controls. Information from all 343 controls was used in this study. Information was collected by means of a questionnaire that was sent to all subjects. An occupational hygienist reviewed the questionnaires for self reported exposures to substances and assessed whether these reported exposures were plausible or not in the corresponding occupation. Results-The K coefficient for those classified by the two methods ranged between 0-46 and 0*88, and they were almost the same for cases and controls. For men exposed to solvents a relative risk (RR) of 2-6 (95% CI 1-3 to 5.2) was found. For men exposed to pesticides the RR was 1*8 (95% CI 0 6 to 5 1), and for plastic materials the RR was 3-6 (95% CI 1 0 to 12-4). For men employed in forestry and logging the RR was 2-2 (95% CI 0-9 to 5.3) and in basic metal industries 2-0 (95% CI 1-0 to 4.0). Conclusion-An increased risk of glioma was associated with use of solvents, pesticides, and plastic materials but this should be interpreted with some caution.
been linked to a variety of environmental factors,' but the only established risk factors among adults for glioma are genetic predisposition, which seems to account for only a small proportion of all cases,2 and ionising radiation. 3 Occupations, such as the rubber industry, 4 work exposed to vinyl chloride,' farming,'0 and work in electrical occupations with presumed exposure to magnetic fields,5 have been linked to an increased risk. Many of the occupations have exposure to organic solvents in common. 5 6 14-17 An increasing incidence or mortality from brain tumours among elderly people is reported in many industrial countries but whether the increase is real or due to other circumstances, such as improved diagnostic criteria, is discussed. '8-20 Increasing risk of brain tumour is found with increasing social class in some studies421-22 and it is discussed whether this is an effect of occupation or if lifestyle factors are involved.
The present case-control study conducted in central Sweden is one of 10 case-control collaborative studies of adult brain tumours coordinated by the surveillance of environmental aspects related to cancer in humans (SEARCH) programme of the International Agency for Research on Cancer (IARC) in Lyon, France. The aim of this study was to analyse whether any job titles, industrial codes, and certain occupational exposures, are associated with an increased risk of glioma. The associations between social class, level and type of education, and gliomas were also investigated.
Materials and methods
The study population included all 25-74 year old people who were registered as living in the catchment area of the Neurosurgery Department at Uppsala University Hospital, from March 1987 to February 1990. That covers about one million people in central Sweden.
CASES
We included all cases of newly diagnosed histologically confirmed intracranial gliomas, (international classification of diseases (ICD) code 191).23 Tumour grade was classified by the Kernohan system.24 Table I shows the diagnoses. Tumours found at necropsy were excluded. The tumours are sometimes difficult to classify as they are often mixed, with both astrocytes and oligocytes. For this reason and because of small numbers, all gliomas were analysed together regardless of subtype. However, analyses were also made with astrocytoma grade I and oligodendrogliomas excluded, but the results hardly changed. The case-control study also examined intracranial tumours other than gliomas and those results are presented elsewhere.
The information from Uppsala University Hospital was compared with information from the Regional Cancer Registry in Uppsala and this way we identified cases in the study population who were treated at hospitals other than the Uppsala University Hospital. We identified 192 cases of glioma in the study population during the observation period. Two pathologists at the Uppsala University Hospital classified all tumours, and histological typing was checked by one of the authors (BS).
CONTROLS
When we received information about a case, the parish office where the case was registered was contacted and we asked for a control with the same sex and, as close as possible, age. There are between 100 and 35 000 inhabitants in each of the 450 parishes in the catchment area. Only controls alive at the time of diagnosis of the corresponding case were eligible. In the case-control study other diagnoses of the central nervous system such as meningioma and acoustic neurinoma were also included and 343 controls were selected in total. All these controls were used for the glioma analyses.
At the neurosurgery clinic a secretary asked the cases to participate. If the treating physician judged the case's condition to be too bad, or if the case died, a proxy was used. This was usually the spouse. Those who agreed received a questionnaire and a letter with information about the study. Cases already discharged from the hospital were contacted at home. A letter was sent to the controls with information about the study and that we intended to telephone one week later. A questionnaire was sent by post to those who agreed to participate.
One month after the questionnaire was posted a nurse attempted to telephone the cases if the questionnaire had not been returned or if it needed to be supplemented. The cases were sometimes difficult to reach because they were in local hospitals for rehabilitation or radiation treatment.
Of the 192 cases we managed to get information from 151, from 128 in person (79%), and from the proxies of 23 ( An occupational hygienist (GN) reviewed the questionnaires for several specific self reported exposures and assessed whether they were probable in the corresponding occupation. The likelihood that an exposure had occurred in a reported occupation was assessed from 1 to 3. Rank 1 was assigned to exposure present in less than 25% of the workers in the occupation, rank 2 was 25-74%, and rank 3 was assigned to exposures present for at least 75%. Further, the exposure level was estimated in four classes, 0 to 3 where 0 represented exposure to background level, about 1/30 of the Swedish occupational exposure limit (OEL).2' An exposure ranging from 1/30 to 1/10 of the OEL was given rank 1, rank 2 was 1/10-1/3, and rank 3 represented an exposure level of > 1/3 of the OEL. The hygienist had information about company and job title and she also asked for more information for some of the people. All classification was blinded for case-control status. The self reported information was compared with the assessment of the occupational hygienist. The K coefficients and 95% confidence intervals (95% CIs) were calculated.28
Social class was coded according to the Swedish socioeconomic classification in three different classes, which is based on job titles where I is the highest class. 29 Questions were asked about years of education divided into three categories, < 8 years in school, 8-11 years, and > 11 years. Specific questions were also asked about higher education.
Relative risks (RR) and 95% CI were estimated with multiple logistic regression models with adjustment for the effects of potential confounding factors. 30 The analyses were performed separately for men and women. As the controls were matched on sex, age, and parish all analyses were adjusted for five classes of age, and instead of parish, population density. Parish was not used as the number of subjects in each stratum would have been too small for For farmers who reported use of pesticides the RR was 1-3 (95% CI 0O-442), (data not presented). Pesticide use in any occupation resulted in an RR of 1-8 (95% CI 0-6-5-1), where 82% of the users were farmers and 18% were working in forestry. For women the corresponding RR was 2 2 (95% CI 0O5-10-5).
Nine cases and four controls among men who reported exposure to plastic materials had an RR of 3-6 (95% CI 1P0-12-4). For women this RR was 2-9 (95% CI 0-4-21A4), but there were only two cases and two controls. Use of solvent produced an RR of 2-6 (95% CI 1-3-5-2) among men. When analysing data according to different subgroups of solvents benzene produced an RR of 5-5 (95% CI 1-4-21-3), toluene RR 3-4 (95% CI; 0-6-19-3), trichloroethylene RR 2'4 (95% CI; 0O9-6 4), and xylene RR 3-3 (95% CI; 0O6-18-6) (data not shown).
Three cases and one control reported exposure to ionising radiation. All had been working in dental or medical care (data not shown).
The self reported exposures were compared with those assessed by the occupational hygienist to compare the degree of agreement among cases and controls. The K coefficients were calculated for the main groups and were between 046 and 0-88 and the largest difference between cases and controls was for pesticide use (table 5) . It did not change if proxies were excluded from the analyses. When the occupational hygienist excluded those not adequately confirmed, the risk estimates increased to 4-9 (95% CI 1-2-20-6) for men and to [6] [7] [8] (95% CI 4-2-11 2) for women. However, these analyses are based on small numbers. There was no information about specific pesticides (data not shown).
When analysing the data according to social class, the lowest class (III) was treated as a ref- (table 7) .
Discussion
In this study we found some support for an increased risk of glioma for those exposed to solvents, pesticides, and plastic materials, and for those working in the forestry or basic metal industries. However, based on small numbers these results should be interpreted cautiously.
The fact that this is a population based study means that all cases in the study base are identified and that a valid source for controls exists which reduces risk of bias. The nonresponse rate was higher among those with the most malignant tumours. If there is an association between exposure and grade of malignancy this could influence the results, but there is no support for such an association in previous findings. There is a possibility that stratification on population density does not fully account for the matching on parish, but this would underestimate the RR rather than give rise to spurious findings. There were no differences in population density between cases and controls, nor between the respondents and non-respondents. In a case-control study we are always concerned about recall bias, and there have been few attempts to validate work histories. For job titles this is not considered a major problem,3'-'3 but for exposure the agreement is found to be lower." In two studies no difference in agreement was found between cases and controls.3133 In this study the ic coefficients for the classification by the two methods were between 0-46 and 0-88 and were almost the same for cases and controls. However, differential recall bias could explain the reported relation for specific substances, but, there is no reason to think that it should occur only for some specific and not for all exposures.
The fact that we replaced controls who refused to participate with new controls may not counter any bias caused by non-response. The results did not change when the replaced controls were included, we retained them in the analyses to increase numbers and, thus, statistical precision.
For those who had been working in the basic metal industries including iron, steel, and non-ferrous industries we found an increased risk and this is supported from a large case-control study among men based on death certificates where an OR of 2-1 (95% CI 1 2 to 3-6) was found for all precision metal workers. 34 Farmers are at lower risk for most major diseases than the general population. However, pesticides and other agricultural chemicals have been linked to an increased risk of brain tumours. We found no excess in risk when analysing data for farmers as an occupation in this study, but an RR of 1-8 was found for those who reported pesticide use.
In Sweden, a cohort of licensed pesticide applicators in agriculture was followed up between 1965 and 1976, and a slight but not significant increase in risk (RR 1 3) for tumours of the nervous system was found." Two studies conducted in Italy showed an increased risk among farmers and the authors attributed the excess to pesticides.'637 An increased risk was also found in another Italian cohort; however, this was based on small numbers. 38 An increased risk for men who had been working in forestry and logging was found in this study, which is supported by a cancer registry based case-control study in New Zealand,39 and in the study of mortality from brain tumours by Demers et al.21 We found an increased risk for those who reported use of solvents, mostly in industrial occupations. The solvents associated with increased risks were substances such as benzene, trichloroethylene, and xylene. The results from previous studies suggest that organic solvents may be carcinogenic, although the results were based on small numbers.61415 In a case-control study in the United States, chlorinated aliphatic hydrocarbons were evaluated as potential risk factors for astrocytic brain tumours. A job exposure matrix was applied and provided estimates of probability and intensity of exposure. Risk increased significantly with probability of exposure to organic solvents and to methylene chloride. '6 In Finland an increase in incidence of cancer of the nervous system was found for those exposed to 1,1,1-trichloroethane."7
An increased risk for both men and women was found in this study for those with self reported exposure to plastic material, including polyethylene, polystyrene, polyurethane, and polyvinyl chloride. In Los Angeles an increased risk of brain tumours was found for those who had been working with plastic materials,5 and in a large European multicentre cohort study among vinyl chloride workers there was an indication of an effect, significant at > 30 years since first exposure on the basis of four observed deaths (SMR 4-1, 95% CI 1 1 to 10.4).4o
We found a tendency to an increased risk for men in the highest social class. In Sweden it is not reasonable to assume that there are substantial differences in medical care, which has been put forward as an explanation in some other countries.
